We reveal a dynamical SU(2) symmetry in the asymptotic description of supersymmetric matrix models. We also consider a recursive approach for determining the ground state, and point out some additional properties of the model(s).
Introduction
Ten years ago, a lot of effort was put into the question of zero-energy states in SU(N )-invariant supersymmetric matrix models. While the attempt to explicitly construct such a state mainly [1] used a space-independent (but manifest SO(d)-invariance-breaking) decomposition of the fermions into creation and annihilation operators, the asymptotic form of the wave function was determined with the help of space-dependent fermions [2, 3, 4] .
In this paper we would like to point out a dynamical SU(2) symmetry and the formation of 'Cooper pairs' that arise in the SO(d)-breaking formulation when diagonalizing certain ingredients of the fermionic part of the Hamiltonian. We start by considering the asymptotic SU(2) theory but note that several features extend to the non-asymptotic and general SU(N ) cases.
Asymptotic form of the Hamiltonian
The bosonic configuration space is a set of d = 2, 3, 5, or 9 traceless hermitian matrices X s , corresponding to the Lie algebra of the gauge group SU(N ). For simplicity, we start by taking N = 2. Coordinatizing regions where the bosonic potential,
is zero by (cp. e.g. [3, 4] ) 
The last three terms are the leading ones in the fermionic part of the Hamiltonian (as r → ∞) while H ∞ B , which arises from −∆ + V in that limit, denotes an independent set of harmonic oscillators on R 2 -matrix squaring to unity. λ αA and ∂ λαA = λ † αA are space-independent fermion creation resp. annihilation operators satisfying
and acting on the fermionic vacuum state |0 , defined by ∂ λαA |0 = 0 ∀α, A.
We define space-dependent fermion creation operators (for d = 3, 5, 9)
where σ, τ denote + or -, and
We choose these to depend continuously on e andẼ, as well as to be orthonormal and such that the complex conjugates (n ± ) * = n ∓ and (ẽ ±j ) * =ẽ ∓j . The asymptotic Hamiltonian H ∞ , when acting on the ground state of H ∞ B , can then be written as
where
For the d=2 case we instead of (5) define λ ± := (n ± ) A λ A and the corresponding expressions for the asymptotic Hamiltonian are simply
Dynamical symmetry
Let us now restrict to d=9 (for definiteness). Denoting A := j A j by J + ⊗ 1,
eqs. (8), (9) can be written as
thus exhibiting the dynamical symmetry mentioned above. The relevant SU (2) representations are the tensor product of four spin 
Restricting to that space (correspondingly for the Bs), we can write (16) Since the spectrum of sin θJ 1 ± cos θJ 3 is the same as that of J 3 , the spectrum of 1 4 H clearly consists of all integers between zero and eight, with the unique zero-energy state Ψ most easily obtained by solving individually, for each A j resp. B j degree of freedom,
where we identify 2J k = σ
In our notation σ For d=2 the asymptotic ground state is easily found from (12),
An interesting feature of the form (18) for the ground state is that it expresses it as a spin-rotation by an angle θ applied to some reference state B 4 |0 (which itself also varies in the first d − 2 directions in space according to (2) , (5), (7)).
Graded chain of Hamiltonians
Consider the grade-resp. fermion number-ordered equations
. . .
(We have dropped the eight non-dynamical parallel fermions λ α := λ αA e A .) The following method to construct the ground state we believe to be relevant also for the fully interacting, non-asymptotic theory. Use the first equation in (23) to express Ψ 0 in terms of Ψ 2 ,
H 0 is certainly invertible on the zero-fermion subspace, even in the full theory, where (cf. [1] )
Using (24), the second equation in (23) can be written as
provided H 2 is invertible on H − Ψ 4 , resp. the two-fermion sector of the Hilbert space. Continuing in this manner, denotinĝ
for the considered 2k-fermion subspace, we find that if we assume invertibility of H 2k onĤ 2k we can form 
Then
0 H − , e.g., acts onĤ 'tridiagonally' according to
Calculating the spectra of H 2k onĤ 2k (e.g. with the help of a computer) one can verify the invertibility of all H 2k onĤ 2k for k < 8, while H 16 is identically zero onĤ 16 . Hence, one can also start with the state Ψ 16 ∼ A 4 B 4 |0 (with correct normalization in θ) and generate the lower grade parts of the full ground state Ψ using the relations (24), (27), etc.
Let us finish this section by noting a simple consequence of the graded form 
where H 0 2k := Ψ 2k , H 0 Ψ 2k . The first equation reads Ψ 0 , H − Ψ 2 = − H 0 0 which is real. The second then becomes Ψ 2 , H − Ψ 4 = − H 0 2 + H 0 0 , and so on, so that in the last step one obtains
